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Thesis Work of Lt^Gomdro Alan Ho Yates
Lt,Comdr„ Reymond J, Schneider
LtoGomdr<i I. Kinter Blough, Jr,
The officers listed above have reosntly sub-
mitted a Master's Thesis entitled:
**PerforiEAnce Ar*aly8l8 of Certain Components
of Fire Control Equipment for Domblngo"
Intelli£;ent attacks on a number of difficult
experimental problems under unfavorable conditions resulted
in a creditable thesis, A great deal of Initiative and in-
genuity was required to finish a considerable portl jn of the
work originally laid out as the thesis project although
delays in delivery of equipment seriously reduced tie effect-
ive working time available. The officers involved ire to be
oompllmented on the ability they have diapl?iyed In their
thesis worko
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OT0«rti«M flTMi iiMM la yMir «tvkf bj Pr»f«8Mr C« S* rxapar
•r ^M riyilfMt af JTMWBliwX BRgUMrllV, «iM« lA Ids
Lt7 M atfvlMr Mid l«lRilir« t—tally •JM^nrifl %•
lai farvidU^ Ui* nliiMt igriw—l^ Md «b» «u la-
in prviUUg tte VMtadi atrdpMM^i Mi ^ Ifer. J. B.
•r Ui» CottfltertUX IiMli'—H labMvUry, ato «• par>
tUidlajly iMlfML Im alMlf^lai MrUin dMiflpi iiUfUMlM af ih*
«£
:>(££
««:^ '^x, ^i;>i*-' •'^,,-,:'t
%Ci »#
>««i8i!t'r
X — ittuaMUott HcM 1 - s
U —> B«IC« lapmK OteBMl of ih« C«i9«Ur« HgM 9-18
III — SUvsUoa *aii AHjMlh
•r th« Of rt iir Ugm 19 - 26
•f thfS Ct^iilir Paifi 27
PaCM 18 - 3J
-- Fart (A) — BtMLltp^iy
Pvt (B) — nwtocnptalt rut«s
n»i (c) — ngvM
>M^ (n) — T»blM
Z BtchMlMl OMilUtor.
n BMk 1&SW of OimUiu
XT Ajci« C6nir«rt«ir ani P^»ntlaRet«r ?t*t«Iv«r»
Xagwui of Xiiipttl TondMlt.
ijw OF rm
•f tlMi Om/Ma fin C«ate«l
DtWndJMtlM •€ »m^h.%vd» Md PhM* Lm*
« TlHMfw Lmw of
XL ' trull«M11 n !3U(yMi ntirtli^ 09«r«%ioB of '^^-nelurv ixiJMiih_
12 - TransfMT LMW of Atdn^h ChMMl*
13 - ttusr«r lAtm of BUmUM ChuMU
U • iBiH^ii o«ir«'^ n«piiMi owvw, Ht^tvrii Md niMo*
15 - rltfvttlon Ovipvt RooposM <S«nr«o« MgiAiiiit tad lteM«
16 - OiOibraUoa CtBPVt for ToI»«ity liwAoo*
17 - SUoiir Mite S»«r 'tti^ CoaHon* U^iOMr mtoo»
IS - imd ttror IrtiiiiwMl 4« %o Knror la Tvoo iidJnUi oosi
1$ -
II - ntrnt^m Tf4<a-Owrrotll«i vmmm soliiiott n«o«
UM Of IlBLfS
2 «- Trtqaaney kmCLywla D»t« for BMtfo Ohaimol*
7 * lYojiiwijy tfpB—• 5%ii|y fttr tlMi AHariUi
TIX - Steady SUia snror for Coattam kagnHut 9tUM,m^
nu - OalibraUon labia for Gathoiia JBa; Oaellloaoo|w»
ZZ - 7atal<-Cttrraatloa Cai^itfitiaa t«ta.
ntUt ittytr aMkU vlth tte fcma ai^uUr «m4 is «fei
OMtrAl : tatloa Kirs cantroX jili m iBgtillti la tl» . . rey
Air 'wreM* taMvjr linahit» typt l-^tf* iMiBtftillyt tfes cow
•i»t« of six MrPMMlMniflM vIdA posltm m^rn$ "Mf^ •tiete"t
Mid finallj four dlff«rMitUl MiiiJwt jwiiiiint %1» Utt^ wiiliy
ll« dlptlt M0t trtm Um tiiJMil^ «U%l«i f«r baUlvtic «id 1mi«
rtwilt—> pM MRters to tfai firta? vtatlcn*
lo thtlr fi|Wii ihi nHww iMm ypMMrtaA i««at« or do-
tallid Usts OS tlw of tbB MTWMlMiiai dtmmalM» ttm :ai^ lopiii
ChMnol« tte /Jlfltttli ItopBt hAinel, Md tks XtVAtiOB S^bI Clianiili
IWots vora BAdt ehloHj frgs a tMnsftr fuaoUMi vliwpolnt. ortftia
•UUc moMltintUB irltlilB tl» oqptpwnt imj« mtwandm rtm atiimtm
md kinpMd lapat Ctemil and tko Aiiaitli aad tUimXian T^^tiO* orrociiiB
GtaMMil* wn Bot to«to4 la thwrooeth dtoUil steoo otftftia iwtlal cnita
«f tfai ^ratea wtro aat amUUOi* Btmwr, otiar poyi anat iagwraatica
on tboon clanmla io pwwalai laaofftr of mxprnrtmrnMl d»%Of«laatlMi «••
Bristny* tilt ohlof reooXt.s a.-id ooa«2aaiana aoj be lialad ••
II
1} Sh nil iiaaiilMiBiw ntaamli art pvoparlj dHpad aai
•Uftla tail havi a ratlar loo rnwaat frajuicy>
2) tantaai ipaod of roIIoa-«|i la «»aa «hanml8» aa llailad
tqr tha ^rlTlae aatMPSy la tea olaa ta liiOi aadHm, Id^MPsladtj
jMWparttiBniX to tbm niniii oT totAl oorrvvtioa rmiid-rtd*
ii) TIm OTtnlJL Miip«b«r prfMwwuci i« lialt«d by th« eo»>
taetttr or dlsMaUaBMW tjp« of «ii'iiiimdIiii'Aim v«d» Tteso tvaaMjtm
tm proportlomkl ijp* MnnM» and m ovrii )«v» atoBd/ sUic viSUMitir
ntk %ki advwit of iMrft hmlb9r^trp9 Aircrafty Moh m tte
41r Forc«»» »-«>, Mil ito mmmitj for pr«U«tSac «!••• •Ircmft
txwk mm^ fifiitorSf aiipllefttifin of fir* control priaei|»l«« t« air-
craft iJiMt has bacoM faaalbla and naotaaarj. Currmt applie*>
UMBof tteaa prlnoiplas follw two dlatinat llaaa. fh&y ar»t (1) Ite
dlaturba4 ratiela typa af alchi* auch aa tl» Mt. 18 or tha A-1, tha
latUr dtacrlbad |B tfaUil in BtUllad Thaory aod Oewpaiatlawa fmr tto
A-l 81i»t for tha Qantral o£ Ounfira frow Fl»a4 Ouna, «aci»iflrt > and
Baabiag fra» aircraft ^ ar. C. 8. Lrapar. Thia typa of ayataay la
^rl«f« ifiyolTsi a lina of aigibt tept oti tl» tarfat !» a roticla )rid.ok
ia offaot trem tl» c«n 1^^ *»y ^^ aaawBi af corractUn Moaaaaiy *•
Ijvmira that Um pto^otilaa hit tha target. (2 ) Tha flaad ratida typa
•f aiait^ •hich aivlaya a ooapitar to offaat tha ^im fw laad cormo-
%iMa« auoh as tte OHBaral Ilaetrie ayataa «a*4 in tha Il-t9 aireraft.
Tte l*tt-»r InitAlIatian ia dracribed In 9« ^ A»ay t^Mhniaal Oriart
U*7C«^1> T|» Qantral rutian Fira Control tyataa .
Tim praaMt problaa Involiaa U» fixad roticla typa of foa
diractor, Tha ayataa that ia waad in tht Air l^M-aaa* B.29 aircraft
rttantltf cloaaXy that which ia aaad abaard aedam ahlpa of tho haTT*
ami, aa far aa ia knovm, rapreaanta tte flrat tlaa that tte tgrpa af
^yataai haa baan ap^Uatf U aircraft fir* oantrol. ft la rafarr^^* ta
M tte flMHS ratlola» oantral ataiien flro eant.rel qratcat and in
mmvl, conaiata of i (1) A diractor atatiaa In vhioh a lina of aight
is •«tabli«h»d to tlii tan9»t and !• te|»% iter* by |KMp«r tmcklBf 1ft
mtKmr4anm »lth tte tar^t B»tioo* Om dlxvotor tea a fijt«d timckiBg
UidM or r«tlcl«i whioli laeTts lnt«^r«Il7 vlth it. (<^) A oMiputlnc
ttatloD %o «hich InfonEatlon frost tte dircetmr la aant tQ te pre^mrly
oM^inad with sq^ ailfdltional data aa la aaeaaaaiy to aaaipvta a anr^
ract fan ardar al^uil. (3) A firing «tatlon« or gnm^ •f aaeh autlona
which follav tte gaa ardara aa davalopad bj tte dlraoiar aad tte
pitlar* miawi oaatral atatlan fira aiKtrol agrataaia tttillM
aiaa tachniqiM t« ra»dar tte aparati tail ^f tte ayataa «laeat aanplalajly
itie frMR tte dlraeter tir«a|^ ia tta flrix>;? autloB* In Uiaaa
tte thraa baaic dlTlsiona baeaa» mtnrn aaipteaifadl.
ai tte diaaoMiMi to foUaw^ %» wall aa in tte aul
iteytorst tte tantinalogf utecl ia Am %m tte U* f>* inqr l^ateJoal
Onlar U*7(M»1 pravlcmaay cltad« with tte additlaiia ttet tte taraia
"lyRctea'' aad •'Sal^yn*' ara uead lntareteli«aably, amA **iiii maaflteiilwi*'
la «aad to Indioata a ToXlam-nip i^taau m tte dlAsrreaaa^ dettad Unas
ara aaad to ladiaata aciteairal lliitesi»a» and «gil«m atterwiaa aatad
full llnaa ara aaad t« atew a2*etrle«l wixlag^ eireuitsy cansi'SniBy and
WBita*
Fif* 1 la a aoteoaatlc cie rais of thf oanbral atation flra con*
tral ajataa which ia uaad in tte ^29 type iiircmft, Tte fljptra atew
in tte bloeJca tte thraa dlriaiona typlcAl of this flra control mrata»»
It will te notad ttet aach of tte diTlsiana» tte al<^tlng atation, tte
aa^wtar, aad tte turrat, ara laaeteRiea.ly ladapandenti !««•, thay ara
ooly alootrically* tn tte ali^itizi^ siMtUm tte gcnasr ^^onarcitaa
an •laotrit sl^^piftl In tte i^vchr* fMMrai«r itj—%im podUita ty
!« tfe» sl^ l»atf, Strvf «• in tte Urr«t« Um sI^mI s7«t«B is
snm* mt mm mm n 9p—d igmchroa U provltf* tte iMWMaj
Ito altpia appara M a iwUaet in ikt ^mtpnUr dlff»p«iti4Ll ivmIito,
nntf 1« tlwM Mdlfitd )qr tl» nirt nf U» (wrr»eti«a. ftmi itat roUr
•f tte dirr«r«MiUAl tTnetev tlw siipMil fM« Ui U» ftntM* of Lb* tnn«t
igniolvn oaitool trtimforwrnr «ti«r» It mgr pmwrkt* an trror sivul ttet
«iU alien tte cwn U lat tte tnrfit. • ir, i hmms mOj mm plana of
natinn for tha sighting atatlan and tl» turrat dri^. Tht aotian in Mm
otter pUaa, aithar aainuth or alt TatiaB is obtaiaad hj anotter ajoaetlj
alnilar ajroian. Ho«ovor« both tte nstenili and alovatisn aai
tte aanronaebanian driving tte tormt ia etecneiarisod ky tte
ted is ontiralj alactric. BriaOj, a«pi)«ainr tte oonpaiar to
te tnraad nff ate ite mnoteo dlTfarantlal rotora to ba iltipwil villi
tteir autoraf tten a aignal voltafo ia aani fran tte mjnehrm fMomtoro
diroctly to tte dpaateo aantrol trsnaraawir in tte turrat. Tte torroi
is foarad to tte rotor of tte oantrol tvHMfomar. Snppnst ttet tte
terrat ia in mUt^ nI aaTIp—
|
witH tte rotnr of tte fansMtor. rten
an orvnr vnlta^ appaara aoroaa tha control trGnafomar rotor Urainala.
Ifcia voUnta is twmiittod to tte ssro*i»anplifiar whioJi Ofvliaa r»cti-
fioatian and ^mmr anpllflcation to it sad naoa tte rtaulting currant
«Mch is atill iproporiianal to orror in ite wapllilini owtral fialds.
Tte anpli^jma ia tte final pooar anplifiar for ite aai laMi tenlan and
* oantrollod snonai of currant to tte tnrr»t driva ootor annUiro.
TIm wa^twt te« * wpcrcUly exoit«<I fl«ld| lMmc«t tte iorrjiM ami
•r« abMMt •Qtimrly depsndHit upon tiMi anMiurt oonnmt. h*n ttai
ittMP rtesivts lis otttTMst it tnm« in a dinetion to ali|p th» ivn<«t
parallel vith tba direction of tht i>mifcr# iiMMrrator rotor, tte* ettK
oftUing out tbo orror volta^ in tte control tranftforxer rotor, flw
turret driv» MnroBoohmiMi hut duiract«irifl!tl'?s rhich mnj b# MMlt «!•
Mt aaQTtMag within tbo linits of a position oontrol —nrwiofaiiiw*
S»poa41as vpon the dooi^ of th* oorw anplifior, th* trnpliOftm, and
tte turret driv« aoior^ it nay vary fron alaost critiealljr dMqpMl t* iA>»
•elntely vnaUbla* flnpiMiaiUjr tte aTStaa will ba daai|»a4 to havo
tlwraoftarlatioa aoat deairabla in it« application.
It is inportant to hot« harw, aa indioat,ad }ty ig. 1, that
ihar« la no faadback or oeorcion b«two«n U» t»mt and tha oanpntar
or the Mirhtin station. Tim aadacth and ala^tion indications of tha
fMts ar* fsd to tha eo«ipitt«r froa the dlffaivntial aynohroe in tha con*
patari hsnos art not aaoaaaarily tha aotnal gm position, on Urn other
fmtt'fi, ^h<^ si^^in^ station and ite oaipotsr ars intiatataly r»lat«d by
th» lead gyrosoopas «mI ths rsngiag dovios. This peculiarity nakas it
poosilla to stady ths coa^Mtar ladtpsiidanily of the turret^ but not of
tte slgtetlag statioB.
In particular, ths problaas at hMMl iloal with ths conputsr of
Omtral sUtion firs osntrol syatea that ia ussd in th» Air roreos* B-29.
fl» osBptttsr involvss siar s^rvooMohaniSMi* Actual oonpntation is dons
nsohaniowilly whsn ths sotpo stors pcwitioR ths varlono caars» differ->
sKtials, wors tssars, snd '^isstfclo siiska*'. Fig. 1 Indicatas that ths
co«put«r obUln* its inpite irom avwrnl dlffcrtnt aourots* 1km
tbmt aoittAU the six strro asters &r«t
(1) tad (;r) #r.i«itli tatf •I»v»tl«i iiitii goa pMlti«i frm
tl» dlffsrsntlal ijriielua roWrs*
(3) Mnfs frsa U» rangs 9Sl«atiflp»t«r posltl—>< bgr tka p»»
Mr St hU slflHteg stsUsK*
(I) Trus air sps^d* d»nsitj altitod* obt«lfM»d «• a sia^ asa*
trolls4 falia«i frsa tte tendast unit «Tailabls la fclii :>-29
to tht nsTlfStar*
($} aad (6) MiUtivs ^Iseitj of tfat Urpst vitli ratpsci to
%tm gMBtr's sirersft no^itU^ by prsj«etlls tias of
fliglrl ta fri^ l—di ttimlttm4 hf taa arras In ttw sipht-
li« statioB aas « tlas-af-flight •Uotriosl a«taark la tha
Mk. S is a sehmatio blaok diAgj^m of tht ssapvtsr «hioh akaaa tka
•satatials of ihn six MrvsaselMtiMS aad thair aacbaniosl Ilakafts*
rlAta IT indioatos som of ths olsotrloal aad asskaaloal aotails of
ths palsaliSMttsr rasal^Ftr aad ths axis eonT«rt«r vhiob tatsthsr afford
ths sdjastatats U tte total corrsctioa aators. ristts II aad III ri^
ffsst sad haok tIovs of ths eea^tor. Hart saliact Tisibls ^Ints sf
intorvst hava basa Isbolad*
TiM spavstiaa of ths ssapator is bast dsaeriosd tj taJdaf
la ths first cass, sunnessy for waa|>lt» ihst eondltioas srs
sst as follows I Hit sigbtlag haad at ths aisttlag aiatioa is ttartod
asrlag la azlauth, but not in alovatloa* ho raags is bolag pat la. IHs
miHiiowT ttf iMd •wrastion is IttHag ^mA^tatwi* Th* at^piUr rvleoity
of the siglit iMd mm9» tte ftziMHb canr* t* prmm; elp^ag « ••«fcaet«
WLSf la tttTiit «B«f^aM tw© raUy* asmln? tli« lailli total corr^Uon
i»t»r to twB in th« proper dlriotioa. Tho toUl corr«oUon aotor io Um
MTfV drt^ for tho rotow of tho dlffor«it4»l oalsymi (both 1 aw5 H
t|M«d)« StooMaory feo4b««k o«cur» ainoo tbo total oorrwtloii >r ?«lso
ddvM tho **^« eonwrtor* Tlxa «xla eorrwrtor poaiUona tlia potaiMo*
i«t«r r«aolvor, aWLcH avta yp a voltaga to oatabXloh a eurrent in tho
gjn oraoUc« oeilji to proeoaa tfe» gysv off ^^ ootttasta* fba Uttor
ow^tiotia hold ooBOtaaEt aa loac «• tiM alglit lMa4 a»vM at a eontlaoooi
rata. lUot ia, tho gyro oraottng coll haa Jwt aufflcitat o»r«at to
koip tho gyro off tho ooataat* Xa poaitloalng th« rotor of tho Affor-
oaUal ayiiehro» tte total oorrwotian .-HOtor, through Ita gaora^ has aoAL-
£UA tho HffHO. frflai tho sl|^itlii« atatiOA kQf tho mamt oMoaoary for
Xoad ooivootloa*
A8 a aiiBml mmml^, eoaaldar that tho al^it hoad la bdlac ha24
•loo^ la l»th aslMUi awl alaratLoti, that ftlUtodo aad 9lv9pmd ar^ eonr
^uA, h«t that tho gmtomr la randas <» • targot. It la pnawad thai
tho nu«o sosfo ahaoaal la tho aaapatar la aatefalas porfoetly tho raa^o
ii^Ml BOBfe trm tho id.shtli« atatloa* Through a aaehartral UnkafO fAdeh
Msvarto rvtary to latowl aoUon (tha pMtognph aad aaggla aUoka) tho
potgnUwaator rwolvor la again poaitloood aoay fran nootiml* tbls aotion
a^Oa sota ^ a wltago to drlTo curroob thxotii^ tho gyro araoUne oolla.
smeoy la thia aaaa» thara la ao load oorroctloa, and ao tonue dua to
ai^ular r^lodty, thora la no torqua to ooiterbalaaao tho toi^oa aot i^
by tha orootiiig c«il» tharafora, tho oraoUag toll tor^aa aaaaoa tho
or* U ^nmm mad cIsm %)m
rMoXiMT ftlWMfli %fe» «!• eonpnr%«r talil %te or* •rwi-
fWU mj b* Mi 4Mi pmrteimm; to tkm Bijtir «nd ita
III—• ai^i
(1) Hm imji8«9 «l%it«4» «Kf air sfiMtfy mmA ulMtti aai •l«fm*
^ttXrwMllftl 9yntkn poilUMiat mtvos ar* of tlM
(2) Tho oaUuUi oa4 olowUoa ooiroot gm poalUon iofrnt oorvoo
•rm At thm ijiirtui typo*
(3) All six of tho iriiMitnitMi or* ot tko oo-«ftllod
or tTpo* Thftt is, tte «nror dgaol is u«>Ufloi oai
wod to ipoa oai oUoo roloyo ofeUh Uttor oeittally m^fiXr
Urn 4ri^ni eoiTWi «o iko oorvo aotor.
(L) Tho oi^wtor Md ol^ilac vtoUoa «o iafelMtoly roUtoi by
tte loo4 w^illm tjiw la tho idchfttim otcHott la that all
iW< \9 tho eai|>utor suit fo to tbo oighUM
As grUldall/ oot ii|p« it on jiinn ii il to iaio«l4«au all alx of
Mi in tho ooi«mtor fm tho TnuHfor Loew Tlonpol
agr lt» a« c* Hall la HLo tnalyKit aj»d $jathaoio of Unaor "<
•^MOiflii. nth tUa vlM^oint in aliid, of ooorao it ia aas«od thai tho
%nm of twi^wMmiMlM «m b«li«ir« Uke «
Fitrth«r» it «•• 4m1i(M W Blrtiain as ttMiy ttatle MiudtiviUflS «• pot**
iblo* flMOt if tlM p«mitt€id, %1» %mHd«at iwymw to stop foiBtioM
of tte iMMiwIiiM wir* t« b« larwtljiRtAd «• sivsMita^ ipgr T)r> C* ?•
Tnpcr la tslt Ii>»tn«>B| ilrMily«l« and by Or* G. '^« Hrwm la TymmiwA
a^wwtoiff —< ftiii.gi {£ fmaitihi nl iiwi * MUi tli« Am» dMOHMterlsUea
kaoHAi tiMn Ut« ability of th« M^pnt^r to porfoni its tmmtium wuk bo
prtdiotod in otffMno* It mm t>i«n yftptnil to sot 19 • ayaklMtle prebltfi
for tho co^p«feor» p^ it la to ttao—lil—ry» oai ofaoonn tbo ooomojr
of tho r9sulto ftppoMias at Um m^wt of tlio diffoivnlloi oyaohno tvtor*
Soot of tbo otoofo oatHnwi progroo oooooiilotoo tl» ooo of • oiglitiac v^*
tloa* f:nfurtun3t^lirf thftt did not baomn svalli^Xo* HoaeOy thA prooojufo
taod to bo aodUlod to inelo^ stoiioo of oolj ttaroo of tho oorvo Hoiolo,
thooo of •zlMoth^ «l«v»ti<»i» osMi magof oadi oortalo oiaimotoilBtioo of ttm
tiotol oorroctloR notort*
Za tho oirtoonaoafc pyoooatotioo of rooalto Um notetlon tvod lo
ttoat Otf an* fiKopoTt fimat^ ood tbtXX ma glvwi xa tkalr proiloaoly eltod
aoilEi* fbo iaaoaiJil tootjlotor^ wimmm la PUto I, «ao bvllt tor this
ood profloao «porlaBato itj Um oiAlMrs* Tb^ ca:n^>ut«r doolt i4.tli la tho
00-eallod "olaglo pozttUnP wrLotjr, tscidol frmcly mmpvklm^ fva ordom for
only ono firing station.
aglM wmllwl llM«ur«MBt 9f nag* la
to apMi yw iA«8 cf « %ftfg«i <df»Iu», ••!• Um •ontroUiac pOiiii
to tiM 9Mp«r valw fmr ill* rang* aMMWtd* Tto nl aj—ta«tor ijp«
I of ro«K« into tlio aoohi^f
aaOyils Of tlM rMfi l^^t nhiwl !• Mdo idiii thiw
Mjor «iaBt
1) XBPwUiftUMi of %l» f«uir»l porfoiMiaiM of tho kMi«
LM •• oiitl^ iMlnttJic trwwfor 1m«i oni volMitT orror
fftudloo.
a) fin^MiMisUl ^otoniMUMi of tlM otoUa Up«* ^
MnmUidtj of «IM oiM•n»l.
3) iwrtiiIvtlM lotto tkm1— itoiQi xatao to iM^
•y«t«i ooa
lo tto «o%aU««l ^iioatol— lihtoli follMO, tlMoo thr<t« Ufim aro topt
•oporoto no fftr m poMiblo, ttovgh « oortaia mmami/^ of afrtf la
lo unaToidablaa
t%m mrm OTStoa «•• iavoatliatod ttoiagji apylloatiaa af a
d Baairt <1o1 foiaiag faatUaa oa too iapat potaatioM^ar* HoasaraHa* af
iivai^ paaiuaa ;a^) aai a«tp» paaLUon (e^) vara a«ao ajauitinoaaily la
batk taitiiili aad ylava fegr aaa af a toUoto lay
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A sii^Uflnd XajiviA or th» c»jii» bImiimhI ii fthona in flf* 3*
tklfl ficom farther iiho«B tli« addLUowd flireiAt mi^uirad to infcfgdwm
tkht ea.«iMM« rmy o«cl\jo—qp« ioUi tte s^'ififaa so as %o pnq>«rl;f hils—
out jugr djBSd ivXtapt Uwla, alBM ft-^ «ad 9^ hmw teth dMrilrad M
fmBUaos VAiTios itwwnldalXjf rtti a aara rafarMiaa laral.
Qm «f th« e«*ha<la ray oaatllaaa«|»a for wumMnrmms^ af tha
%aa quanU.tiaa» ft^ and #^« «Lth tluir pbaaa tfirtarnaoa la olaarlgr Indl*
eatad la I'lg* U* S^aiaa arror^ ahleh idll ba arlttaa «a f.^ alUi F. c
^1 - CIq» sLa^t hava baaa Maaarad iaaiaad of ««^ or i^ aad ihia taahiAnt
la uaad of aaaaaaii^ ia laMc parte of tha nark* Tha ealaiaXatioa of
f la eiaally daaa bgr iraaiar avHiwtiaii af 6^ froa tk^ aad la tiw
laaa S la iaa^ ta ba laadLag ttaa lflpot» «i* Tha raUa ^^t, da-
flaad aa tka iranafar f\aetlaa af a aarvo ayaiaMg ia found by ractor
th» aara paalt&on of ^ aaa ehoaan sa 57S ^rari* raai^ mv! tha
MvHtadt of oaoLXXatlaa i^aat tila vaXua lau aat at 2$ ^x^^* It «aa
afidaai fran aaaljnilay aa ilXl ba broasht oub iJi a latar dtaaaaiian^
tlwi tbm raaca ohaimal aaa not Unaer thro^fliaiit lU raaga af 2$0 to
2500 jfardBt bat aa InTKatisailaA aX tha aarva parfo9a»aaa in aaa aacUon
of ita rao^a noia inaiiii darad aafflelaot to ahav ganaral parforsaaaaa* Tha
franiaaay of ii|>iit ma varlaci firaa about 0»15 to 3«7 ayalaa par aaaandl^
thia vaftaUaa aafatlag tha ua^bla maffi af tka davlea*
Data atotalaad la this Invcstlisatlan la ruaariid ia Tabla Z>
igti.tA> aXao IneXadaa %hm & ditioiuil Itaoa ealeulatad •« nuaaaaary ta
paralt plattiof; of tha aundartf ty«iiafiar*'Iocu8 curvaa dsnralc^Md by inr*
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4. 0* W^U IB fdM paper Mki<|l«d[, TlM i^mlywLt and ajnitotlt of Hi
L«M". TIM r«tie of •Hp«fc to Mp«i« ^^1* ^^ aav^iite
ploi%«d M^mrmUHj, is aiwai u Tlf. $• Tb« %fMitf«r-]
•r tiM ysUH, •^E, la ploii^ m po2«r (ItiUmUi la i itir
MhanlM tuH.m mad pMMMUd in ng* 6* Hmm %v9 pUto lllMtffvt*
It MVi b« natad thai, wt±lm tlM traiMf*r-lMw a«Uiod of
MBl^iU as davalflpatf b^ ir* MaU la laa r«r«ranaa prvrimMlj
Qitad «aa pdMrlly dlrMitwt tmmrM mmmwmm mytUm, ita applieatiao
ta a iHtMBliiMuH aystaa, rrtiy tnWr aofttevUad %|p« in Uda aaaa,
raaolU la a laoaa plat qvita aliAlar to «ln% ndclit ba a^aaiad of a
ay«t«M. Tha ladLndaal ^aaaaMitUaa ara awill ^th rafar-
ta tta ovwnU apantim vaflM Md ara affaaUvalj Mwitlml b/ tte
and ArlaUaMX daqpLag af tka hhImUmI porUana of Um ajatai^
«k«i pandtUBf a gtmul aaaljriAa of thla ay*ta« ala« tha aaU-davalapad
pattaim 9i
Tba traaafar-Iooaa, Hi;* 6, ihowa tha fyvtaa to bare tha fMM«l
form of a pnparUaoal aarvo thnagbawt ita opanUn^ ra^loa. P» tMa
tjrpa of aarto tha aharaaiaritUa aquaUaa wgr ba arlttaa aat
'•iw Vo k^» « 1*1
Jq la tba affactirt »aaa of tha S3pst«« raflaatad to tha
at»ft|
f^ ia tha affaaUT* fiaoaw daapiBc of tJ» OTOtaa raflaatad
to toa aatpat ahaftf
k U tha pfvporUooality fbatar ar p^a aawtaat of tha
tlMtt, it olMTs tiM X«Mi of ttk9 2ad order dLrf«rottU*l oqwitilon* from
Fig* 5» o^ #o/%> ^^ MtiAwm i«Xfl» of t!i« r««on»fioo ftnetioay tiKt is,
d'^i^/ ^ s l^(wtx)» JU fotuad to b» X*21 aasi UA* waiiaiM oe^tnv «i •
forood fr«4unnc7 of 0«?$ e/el«« |>«r soeoikdU UUUsiag ilio o«nr«* of
PlAtM 6 oai JL2 fr«i tho pM«rta«t •aiitlod "lannToirt AiMacrKLt''» bj
fr*r» C* % Qrtp«r *fld ^aXior KelAy, Mtorla^ vdth this roeoiwHWo teta.
Mm v«i,w tf tho fliplag comtaat, ^ , «an &• dvMoalaod and alao tho
¥«1«» «if tlM fr»)aiiMiy mtlo, /^ f^, at whloh rtronmw o«««ts. ^ is
%li«i ftMndl to b«) O.UtiS «^nd /^(mv) ^ ^ 0«iO» 7h« rwwaoai froqooxwjr
af th» Mnro my th«i bo ealcmUtod » 0^ s 1.13? oyol«^/*oooao.
mis valtto of ofttaral fro^iMMc^ i? ?a;:. Mtttxat I»i« for « good oorvoMMlMMlfli
thou^^^ th»« viiluo cf ^ lo ii4tiila Um roago of tttuftX oagiaoMlai; pvMtico,
0*4 to 0.7*
AotiMtU^^ tlio trfiaoror-loouct rloo* (MHlf« tlM Mgttlvo Imgiaory
oado on tho p^itr plat^ rig« 6, Intflootiiig tho olvtonoo of umm lUglMr
ordor «tff«ct« th^n ^rrlttim la tho oio^o pnp^Hloail o^wtloa and this
oxistofiM is vorlfiod at eoM by tbo plot of tM {rilwoo oagXo of ^
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for a •Mond ofl^lvr •qwtloiu fkm9 IdflMr m^bt affaets ara mttMl la
hH %• i^mn Um rtiiUMi of Um aaclMMi^ parUMlarlj in
tkm ml«a af arrar m% valaaltj inpaia* Saili aa lapvA U %ha
f^r tha raa^a aarvo aiaaa it tapvaaaaU a mofa rata lapai.
atoddr i«U %l» ffip—ii aai aMlj^a of Um
li^ab tlMMMO, aaa aa^ %lvaa|li a aailaa af rmlmL%9 1^R«*«« tti
ii^aft p«%Mli«wiar aaa 4il^paa at Taxlaaa aagvlar rata* and tha ai
of tha a«^p* la follaiAag lU lapat «aa aaaaarad aa a aaUtoaii
lay aaelUaaaipa* Um aaiv-llManty af tha a/ataai aaa aaclaatai aai tta
li^ab lai^ rata aaa iit'Mt'wl m> ^^ baala of tha Una to aloaa raa^a hj
300 yarda, la tha aaala ra«laa 1200 jyaMto ta koo javda* nrrar «m
la aalta av) naawraralaa firaa tolta ta javrta la paaaltla thraa^
ttoa laiva aaaalUvlty eunra latar abtalQad* Aa a ^aaatitatlva
Mwara ikiM partiaa of tha aark la aaawiAat laaaaarata ty raaatfs af tha
-liaaaAty of tha ayataa aad lU varylnc aaaalUvltj fmaa anUaa ta
lailaaUaa* ^^tMUUtlvalgrf haaayar» tha raaaXta laAaata
tha ardtr •£ airar at vailoaa raa^a rata li^au^ aatf dua aa «aat valaa
of tha aailaiBi arrar to ba aspaatad.
raU ma tahaa far raj^ia rataa Araa 37 to 333 yarto par
9 iiinapaatli^ ta alaali« attaaha froi 75 ta 611 ni^laa par
Frrar In valta at tha li^patt ta tha —tyo aa^illflar uarraapaailat U tha
milaw nu«a rataa la raaartei In Tabla II. Tha plat or uaa arrar
rai«a rata In all«a par haar la ilvaa la fig* 7* Thia plot la
Ik
tepwtlilljr linear A^aia r«ti««Ul8 %• th» itinytLm prwlotwly aiftdftf
Um% ths wiBtwaifi parfMWUH* «K|mUoA it of —wid •filtr« th«t Is^ of
%l» yjnoity •rror for aoar iM9Bl«r rat« iopai oaa b« thooi^tioUy c&I-
•ulAt«d« M»sXMUjai initial tx«aii«ato, a«i
PtdTftUon of this attmxij stAto •rror tci» amy be fovnd oa |MM(«t Il<-12
•f ill* paper entitled, "TransLent Bdtaviour and lieeiga of SorvwMMliMi
\ij I'o** jG:->:or: .n* trotm* This is a liaear ei^uatleii an^ its plot wbmtld
pass tlurottgli tlie m1<1a at sero ioput Tnlooltjr* tlie aai^ertJHintal data
hei tiM priper liansr relatloiMp, Vnt 4»ee aot pete Uursucii th*
•ilCiik The vaXvkt of arror at sere velocity ii^ut is then the »is&iMi
•rror %o frimeb the oiMnMl will respond to its i^pvct and is of th« order
«f %b/$ a^se or haali level in the syst
fjMpeilwsBtal •vsXsstloB of the input to sutpttt ssniitlvity of
the rmng^ etisnnel sss aads at the osa^pvter* Ovesall e««dtlvity of tkis
mage ayst«» trtm the alclit ts the •oaputer should obriously be tnltyy
ttost is, a giveii maie as Miasttred at the sl^ reticle vast be eyentnelly
%f«aMLttsd to the siwyiilsi' correctly id this soeh BeehanLoal, elA«tri«sl|
sad eBspHtstJaaal lioits of aeesraey mm say be oeesssary*
A idJi^la atadLaaateis imatflag wdLi aMawsa raags aa t
tlsa of a base loagth sad an aagis* ftm otitput of sueit a systsa as
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la fig* B My IM vrlttcn asi
la tliis
•taMM bj llM teM iMfflh
K m rsnc« In wlU of Ui«
AS • la afriMtantlally tha li^pai %m Um
nimp^mr HMt fallow^ It !• pvafanbla ia vilta tlia yravtaw aqiMUaa
-1
aat a « Ua a • rha aqwtlon aty ba fTrthar traaiitaMd ia a
S
lapuilliAa faiv ast
• « taa*^ (anUIag (log n - Uc R)
)
Actoalij, n iMaii af a iahinlpil UaltaUaat la aoaatraetiaa af Mm
rvUoIa t9fwLm alota la Mut alght wit af t*d« tyataa. It aa« faaai da-
alrabXt to f^vttar aaiUfy tha Upal tara It U a fwiUaa af I allMr ttaa
tha rtilpfaial at aallad far la Um pravlaas a^Mtloaa* Tha flMl vaaaii
U thaa aAttaa aai
• %aa*^ (aaUlac (la* a I*f f(l} ) )
TIdt aanMlMt a«^21atttad mlaUaart&p la gaaaimtad at tlu aljrht at^
Uvarad «a ttoa liv«t aagla • ta tha taaca tnuuaittlji« pataatlaastar
• wa ilgaaUr gaar tx«ia« a^ l« thaa aasaarad at tha
a aataMJK Mt af aoa-UAMr gaar* aa tlia
•^ patairtlaMtar, t
oat raaalt balag AtUvvrj af raaga valaas fraa al<|itt ta aM^aUr at a
aulUvltjr mt mktj* dath lapat and oatyai pataaMLoaataia «ra
UaMT lAUiia
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•nlpvl rM^« p«r volt l^put froa tte «i«Tor MMtfurlag t^ and d^
pofntio—t»ri» Th« awiho4 «0«d to»• this •ensiUvlty it «oc-
pIiAiMrt in e«i4iMieticHi i4.th tiM dzvuLt WMMMttloo* «• •horn la fig* 9*
C«rt«in rwig<Mi mirm t«t wb mmMi of t«o f«t««U«Mt«rs ooim«ot«d to ft« t«
«ltftrfiet« 4s lite «u l^pst tay tb* tbrmr oJf « tfa«bX» ttarow ilagl* p«l«
ni.t«li« ThM« mJifM acnTatjiamftid to af^jaooat Milbod yaIiim oa tte 9mf»
yaCUy iBtwml ruieo teals, tlMt attung a nean raaga md a nuiga Inora*
MMt bataaan tho potaatlaBMtart* tte ooapvtap aaa than allavad to follow
aM af tJM inpat ai^aala ta ita tat raiifa* Elriciot currant iapafe ta tiM
raaigB ftoUai^ap «»tar waa eat off mni tha SFTT aaitah throaa to tha
other |HHaiiHo«alar« imr valtaga dav«la|^ for tha kwraB raaga lacra-
eat aaa than read eft a vaanaft tai>a veXtaatara EaudLett ^aekard t^a hOOk*
7)M aanaitlTity thae ebtaliiad« labalad S_» me eeepated as Ab la unlta
•f yax^eUi/rolt aad rilafiaed ae ^alatlBg at tha aaaa ran^ga totaaaa the Urn
•et ea tlia 9^ potantiaatiirt* Kaidiail axrora awe alae ateewad,
thaea belas ^^ «rrer in volte etill eadiatiaK aft«r the aeivMitar had
aatehed the ieiHit eigaal at cloaaly at paaeibla* thaaa arrert emrraapettd
to the haeh or aoiae lav^l pravioaal^ aeatlened and are tha aLniaoa voltaft
errere raqalred by the range ehaaael for aajr raapoaaa. ^^anaitivity data
thua mid lad ie prtearted in Table III, and a plot ef 9^ vereaa aflaa
faa^i ia itlvaa la ?lg* 10* Ihia plat ehoaa aa alaeet linear ineraate af
raana eeaeitivitj frm alaUam to aaalwwt rauRa Uaita of tha etapater*
\oaisitdvity irioreaaaa froa aheut $ yards/^olt at a alalaaB rasga ta )8
jardt/valt at raiilaww raace* thia agraae laalltetivaly with tha theorHi-
eal equation pravijualy ^vritien for input to tha tranaalttittg peteatleaeter.
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llMftT iA urn •u'ljr pMrt or lu
tlM f4ik tte tMMlUTlty «tunrw of Itt* 1X)« It is pMilbla to MlawUic
U» MidJMB«m la nafB llkaljr W b« pfnat at mqt giivs ru^a
llM lirinit «mMr voltfts« —ui'rt wm 1*100 wit* at 6ftl iIIm
aatf if tklB mmat oMwrad mmt audaM raafi #Mr« ito mi^
dUTity i« appmiMWlj 35 7ttjWv»lty %hm xma^ MTsr «m14 b« only
>ft«5 |«rd»« «MnBrall79 %h» ruic* atrOT tet to nuiii zmto is
kdnvLbljr 1«M thMi Viis woBUmu •••, it is alssr tltst ralositj
wd kgr ths iasoHing rsac* r«ts it ast s sssioss mws of tsoi-
psistioosl orrsr* Mmmmi p anslTSis of tho —Tiii rato of ran^ i»»
pu^ lid ill is Uflltsd lij tkm mn\mm spsstf of Uko x«i«a follMm^ star
tiM asitaa ralstisa bstwon ii^mt n«ts R sad iks aagls ^ «
lo raciaasf ol tho vstolisB of ths aotor oxtipvt fssv iMi
SOBS suitably shosi ialUal pMlUss, U ei«M by tha foll0idi« ftewOsi
1J7JB> » .6»U2 latjQ (KfllO ) s .27U loe (i» f uo)
TXT • TIT
—
Utaa i^rsM s jasyhlot oatitlstf •tasi^ac in Dafoaso sf tbs 9^ A«Blasi
noao At%Mfes^ bgr % C« LMds.
Takiatf tbs Um doriTstlvo of this sqi
i^?>. ^« ,
.mi «(K«llb) 3r "^
^ m •001216 r (R - UO)
r • rvvsUiloM par i4iaito sf tbo aotor oitlpwt gsar
60 :^
y-,-^ «<« t» • »!« •! «»
frMR lids fwnndU a tubl« can b« ooaputad of tte iBAxl»iatt matgB
rm%m p««slbl« for tim «Qaput«r io rcllotr iit rariout iii^ut r«af«s* Sviii
« ooK^vnt-VLoa ^mLdm th« ciata iJireoaat.ec la tabl« IT* ?Ms Ukblo irhorMi
tlwt at mafM 1«m than 2000 ^rda thu M^p«t«r eaaiot follow « noet
rato of TOO iHm por honr^ nfelAli mlao aligjlit Mailjr bo (o^arloMMd In
* nooo «ttMk« Us tho imago ^boaoo to 500 jordo^vhieh 1« tha «f«il of*
focU.yo opoi iflro rni^o for an attockla^ fighter^ tho anziiiua In^ot
nui0O i«t« 1» only 373 allM p^* hour* Tlilt mudTols eloiurly ohowi tSwt
Um xfoolMMrt liSltaUoa on tho aeowrsey of tho raiaga input 1« tiu Mod*
««R si^ood of tht mago follow»q|» aotor. ft>r oatlsfaetoxT rango l^«t
in an attack probloa at spooAl of ataadknd oondoa aircraft th« folli»ir*t|p
ae«er stsould run at about tiloo lit proowit ratod «|70od*
EooaidLtuUtioa or tlw rosults sbtaiiiod in tho tmlyA* of tbt
auffo Xiv^t Channol aia> bo «r4o «s foUovBt
(1) 7)10 B«iio Z)9«t oorf«aoel»RL«» approsdvotoo ttm olHplt
pfvportiorsa t;>'p9, «ith a aaivral iYot|B—cy of X«197 eycloi/M«oad «•<
a dandnc rntlo of 0*lilt5* tlinrtBiii valito of %im roaoaaooo function,
(2) Voloelty orroro in tho «y«t«i r«««It in a MxLwn orror
la rangt of about UO jurds at a 7X cdlo {Mir Iwur oloaiiis roipi rato*
(3) IlQloo or haoh lev»l ia t)io 9rror fthaimid amnraisoa about
0*5 volta^ 9^ aimloot to aboBt 2*5 jfo^da At idfilMn xviifo aad imsroa**
las to abottt 1:;»0
,
. ^.
V^ ^'^nge ratoa to ^i^oh tho ohaanol oaa roapoiSRi by
raaaoa of t jr apooA liaitation baawii inoroaaiagly qa*
aatlafaetory balair 1000 >«rte inmost raaso» aatil at nut^^ i>«Io« 9X>
jMnte* tho By«t«D is isiabXo to «a«t raajo rato roqtdraMttta in dafoaao
agalnat ooat noraal attaoks*
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III
ll^VATIOir AMD AZDflJTH IMFPT CHiWIg. Of THE OOKFWP
Tte •leTEtifli «did ABlanth ebaanels to th« coaputer are aleotro-
•dbftoical MrT«w«lHiiiiBS« ftmj are Mlsyn type fello«-«p qr«iaw« Is
Vm W|Wit1ng •jritea^ tte Mlsjm signal* from tha aig^ing atatlon ara
Introduoed into diffarmntlal aalayna in the co^mter which alter tha aig»
nal by- tha amount of tha total oozrection. The aignala are than aant to
ttaa control tranefonMra on the turret and fro« thora to tha aarro aa*
plifior and fioaUj pooition tha gana to their correct pooitioo* Tte
asisath aid elevation pa pooition syateaa alao oontain oontrol trano-
foraara in the coaputar (onlj ona speed oalsyna uacd) which ara connected
in parallel with thoao on the turret. Tfau8« tte corrected cu tiffial ->
which ia led to tte aijteath aad oloTOtlon turret aelOTna - is alao fed
to oolsTBs in tte coapeter. Sinoe tte coaputeris asiauth and eleT&tion
otennela are alaost identical, only tte asiauth function will te da-
oorited* InTeatigatiena were conducted cm both channels*
Tte rotor winding of tte asiauth ooloyn control tranaforaer in
tte conputer la connected to an aaplifier in tte ooqmtor* Tte output
of this aaplifier actuates a relaj systea Trtiich in turn supplies power
to a aaall foUov-up aotor* Thia causes a steft to rotate, which giwos
tte coapater tte oorreet Tolas of gun asiauth, as well as driTing tte
rotor of tte sslsyn control transforasr.
In order to understand tte basic principlea of OF^ration, as
woU as tte asthods used in aeasuring, a siJiqplified coaputer gun-position
to
sjwtMi U tihmm la 9ig«r« ll* !— , for «Hpla» tiMit tlM ilil* aadt
.« tte 1 tpwd MXsyn rotor oa tho ii^jMUif aitoUoii uro twnti
Urn rotor vlirfUt 4^ tbo gnwyntar oottteol tnuMfiMBMr* tlilo voltaao is
afplX^A to tlio Uput tjnMOflMnMr wT tho M^Uflor* T^ polaztiy of
Uio odLtoc* !• •«•!» •• ^ M*o ftte loft ImbA piA ipaoiliiro ond Urn
t§4^ hmi w/U mffmm 4mim tlw Half oyolo ttet tlw tiibo lo ooft-
JliWttm (platoo oro pooltivo). Tho loft^honrt grid «1U oUow oorriat
«o flow io tlw lofi nao of tho tiko, oMlo tlw lijbt-lioii oldo lo oofc
off* Ttilo will oomo tht opoxotioc Mi^ of rolagr l*€t to boooat ooor-
ilsody littlo tlw ogNOfmUof otll of IHCCV nmIoo do-oMTi^ooA* Wmb
lit MnKUj^HOoooi ft-CV ifttot* TMo «p^U«i po«lti<vo 27 volto to
tiliiiMl (B) of tho aotor» vaA oMMOto Urmml (A) to ftioii, tini
OMiiftC tho ootor to roftoto la aarii a dlroot&aa as to drlvo tho aiiatfMli
fi iwlUmn iriMft iMift tho aalaTB ooatrol trannfoNMr wtar la a elook^
lAoo dUootloa* llio aoter iriLll towttwii to drliro until tho voltafi
•oyaw tho ooiitxoX tcaaafhraar rotor idadlai hoooaoa aom*
Tho Infiatttttloa oaa ioaiailoi.1 to atadlar tho otatlo aaA
aaidltloo of tiM olauaiol ao to tho eoaaater aalaoah atedTt. to
tho aagnitate of orrmm latioi wot laftd tha laid aiai^allac atato bgr tha
ilma tvaamttlac »9«iaa.
ttadlaa ««« aaiot
(X) i atair ^ tha rMptio to • ilaMc4*l faraii^
fanatlaa ovor a raago of fx^»)aM«l«o* (^i^ • A ala Ht)
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to*
is siwMi in ng* n«
in nuptir 1X9 •mr m« 1
(1) aiii Vmm, i%^) «m








Ite fIK af i^
•
IB FlfWM 12 aid 13* T1»M almr ttet
A»1I«« ib*
tkU ytei (i^) Mi data la ite takte ftr i|/k«
V^
«r i^ ftiri f^I. tiMMW vmlvM art t«bttl«t«« la TabX«i ¥ umI 7X.
n«U of 610/% far tte a»iwiUlk ««* mXtmtLem «ihmmm\ti txn
iB Flfltrwi U AIMS I5«
the v«X»eliy ctnilr «»« waA^tmA h^f dUilaf tto seXsyn gtAMT*
fb« 4vr«r •XUttt «m ««urar«d m • lifMar dlttcm* oa II» «Mtf.llftioapt
!)• tiOllKrmUd «• *•«»••• w^ "^3i* ^ error. ?WLi «•• dtoa* bjr ^l«ddflg
tmr ktmm «rror»«
t!i» data t^v tliM* l»r««U$ftU«iit ii Ubal«t«* tn T^hlm TH
«ii ttXl MMt tiM «vrr«s of ealibntlMi and ajisalar •rror «z« 9ho«& in
yifwrM 16 andl X7*
tlM aiMlyals <»f iha atwva naiiillaMi data lialdf mlaat for
Wm $ mi^ #f tlM aUvaUMk anft aalAnUsi ^lamttU* Ota «aa afalA
of %im r«f«r«MMHi aad tttrnmHut mmakiamtA la Cliipiar XX*
/ » l.Xt at tfjp • 1.17 <iyeX«i/M«
(fnpi ng• X5)
Ma sr2*X ayalaa/aee





, %Ak to 0.7* TlM
la toiirifcli. OailllaUa« •t %lw
taj ^IM paar laaywt of tl»
•r ^ at ilia 1
\mm laBiaitai by tiM
(Taato —latai «• ttaa Dafan
«M avwaU jitfli (
falataf/
.
•tatia arror InliWiiaai lata






vata af tha alfM.
af tha airavaf than^ lasia« ^ aat 1
CLaal uinpi^iil la«t« Uutm^ tlM
fin— tiM aljwl Intradtaaad by tha
ta»r«t la Xlltad alUi batk
arror la
ilaffaUattar
rtm nfir—Ml m%mi tAmm (T»«is l«Ut«< to fOm DufMM aai
fM^Msl Om» of tiM ^"99) 4fm atUBfelM W tlM £Mit Utf* liik itm
mnmXl t|iit«i» Uw t«i poiilt— •nr«r st e«Htaat MgiUr n%m is
mm%m vlth tifet loiyrtT UHmA is tli* •tvWm ttea idih %te cafi^ir
bgrp*«Md and owi* XUji tR«r yuIm «lih th« Mlwith* Ob«lottsl|^«
tida lATsar error iniirimt i« iatvstiMMid by ths iiiwyilir* N^ ftf
%km •rrar la dtw t« Um «mr la tiui MUnxUt aigHAX rMMli^ tagr tti*
flii^titiliU jjitaa «t an ifcwl ir nAm*
79 AiA«raU» Um HftfiltMl* •t tte iMitf M-rer la aalartUi 1»»
tvtiMadl by tiia iiianraat aslflHfeli iriLfaaX ta tte aaayvMLm ayatM^ a
pamllax af flKrty faat la aaaiMatf* ThLa la tha i^Bproaliiata valaa af
tiM iMTVWt parallay Taitad la thm a3fvt«u Tha aagaLtaila af tlia airar
la firtlMr iiptirtattt <|paa raagaf ralaUva vaXsaltx af tlw tarfat mad
tiM ailaatii »t tha tarfat* Carvaa ahaalag rapraaaatatlYa valaaa »i
tkla arrar ara j^MMStai la Flgara IS* Tha faUaalag davalaiaMlt «•*
a fll^aad af Iha tarf^ parpaadlanlar ta tha llaa af
•lilit aatf ralatlva ta tha luiwiilni' alraraft*
R Traa raafa la faaft*
a Tna agrtaHH m^ •it tha hav*
Z^ 3 laad aasXa daa ta ^arallaat*
tf • ttnr ia aslaaUi aagila aaat ta tha aaafitim aysiaa*
t|^ s isreott la Xaadi aacia dm to wror la asLaiAh aagla
TttLrtA by tha •atnitiag ayataa*
'>^ AagiAar rata af rotation of ttaa alcht*
u>.f
I^ may ha dataraliia^ froa Fl^* I? by aotarlac ilth ttf ta «a





•r* MlkU. aaglM «
ly a ill'»»
S*H.» Ha (ly »)
S»«i- i?-« V
s = iiSiU ^
~ ^ (^a ^ aaa ly « wa ^ Aa iy - i&a ^)
' j|| [aMi ^ ala iy t dn ^ (ae* ly - 1)J
/
/
to Mm C«i fOiitlM il0«a la mmU. iBPPi , it
n •/ pmrt of iMd ar«r latoHwi tqr
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d«ao;i«tnU« Xbm vmrnm. for its utrinUon vLth stsisvibh.
Tim r«sttlift ottftiiMd la thm Asiaoth una f.ltvatlea ChaisMlji
WBj b9 •uovaariftsd as follows!
(1) The uij&ttth ftnd TlcmitloTi R«rTegMrtKalflV tpj^z^xiaftt*
« flLas^le proportiori&l t;;p&, «d.th ft mtaral froquoney of ?»1 cyclma
p«r s«eoad In th« aslisath ctamrwil mjA I«69 la t.hai •lerac&on (»Bznel*
VtlaM of tha dwplng ratio v^ro in the r«ng9 of g«04 «ii^fiMrittf
]tfaotioo| 0.51 for thm ftsUmth chanrj©!, D»i;7 for ur^e el'^vition*
flM r«*pw!M« of th^ ov^nrall a7»%«i appears to b* poorer
Una th» eoi^«t«r alotia^ and whLln the ooapot«r !• partially r«Sv>onn
albla for any sjaton lag» its individual rsapooaa la good aad la af*
fact^vo in snoothins out slight hea^i oacill^tloas*
(2) ?h9 u£<3 of the an»-a|pettd aaXaya aliaoool aloaa in th«
eoBipuver raaulta in poorar aatoM.n(| with tha poaitiooing signal than
at tha gvaSf and InT^rod^aa an appraclRblo <3rror Into the covpvrtduDS
systmk utoma tha sl£;ht haad la rotating* fhla algnal arror rosults in
a aaall error in eoaqpQtad laad*
ClUWL or Til CflKPfM
iftjdlBr i« tlM ram* xndt* 9«ttlfl(i '^f inAm%94 air apaaJ,
pfWfmy aad Vanaatfle alUtatfe ar« »«• •« tfaa Altltvia aai At
apm&A Biitfur MLt loeai«d la tlia aMicatarii eaa{«rtaaiil af Um
B-9* Ihaaa %hraa 1i9«Im ar^ oanibliiwd at tto lla«laH !M% IhU a
alagla fwaUaa rupraaiiMai traa air apaad aad tfaMity aUlVida bjr
a ««av>Iioatad natawk aada 19 atf £l.ft«aa yetaailuilai a* 1^ fiaal
•lApit fiBKtion la tfanaalttriia ea a Taltafa alpMl %• a raailil^t
ptMHiWMlar laaatai la tta awyalir^ Tha ai«>li21ar aal Mlori<i^
ayat«a raaata ia atrar valtaga f^drtlac Wlaaaa Iflpvi algvl and ra»
OilTar yUwtiaaiatar ia thm aaaa aaanar aa tlia raaga alMMaal aar^w*
m Hwtfal ttUt aaa araiUbl* and aa data awOd ta laaaiad
to p«ndt laraaHfatlas af thia etaaaaal fm" a daMntfJWttaa af a<
tlvliy* Sf«tLfU> (iau «aa aat %akaa for ttia ilWMriL b«l
«BPa aaia of ita apaad af raapoaaa* TIm parfenaaaa la aitraaal/ ilav
aai %feia ahaaaMl la b/lur tha aorat auruBMialiiiilaa af tba aaqpaiar.
ZaatraaUoat aa aat forth 1b Hia aperatlaaal aaaHal far tia
ara ta aafea aattlm oa tl« Tliailaai MLt aoftlaiaBUlr la a4-
af a Hilat ^aablM %a p«m% at laaai flva
tto iau— ly ajsiaa to raaat*
Ttda aNaaal ia afcwiaaal/ a ««ak liak ia Ua
a/ataa b«i haa teas talaratad m tiM aaavvHaa tkat airayn* aad al-
titaia ahaigaa f&U W BiglHiMa dBili« aanal flxloc pr^laM.
im OBtm'. .. rm
Hm tiJuX o«tfBt 9i U» tiifitur oonaictv »f a total oorr»o»
tion *^11b4 —tihiiiUiilljr %o « dlfr«reQtlal pelsya fWiar»tor> Tte
flrlnjB ftatlon Umb f«ll9»« tlw •IgMii^ ii*tloa siipufa^lAAdiiif or
I'^M^lt ^ tl» MMiHit of WUl aormeUiR li»tf«AMo4 «t tt» iUffnw
•itltl. Tno MyRTOto lyoto— m «mmI« qbo for exiasili oonweiiciay
Um otter for oltvotlan eorroetlon* Only tbt aniflttth ehinaol is (lo-
loribod iadoioily •• titt t«o at« idontleal in ijtnorftX iiiirtpt ftetoroo*
Aitfocotioo to U» ottkMMtio ttirettii ohMB to rig* 19 «ill oS^ in ttzadof^
•Unttit ^^ 3o«4 MwpiitatiMi yrooowu
nnwwita/^ i«oe Is iwifliii aj rots f|i'yoiiiiya la tlM» rtihttiit
itftti4n* Vm oiiigloi'idiin^o i>f«>friidiia valtm nro «Md. Miiimut sf tl»
•illit In trockSAg briaco tte ejro oooo «p o^iJaot otfttooto on tim gjrve
•iMMRt hKvini; ite o^oet of eXooing • »iAgla-i^olo-idoublo->throv oolt^
io loft or riflKl* otaalBf tiM oslMith total oerrootioB aoter to iriMm in
ft corroopondlAC ^ii«eilin. Ths aoooooorsr food^book p«lli to U» ffiv
kt is via a pair of ortotini: coilo whteli opf^jr an ttlactra (potio
«i tte Cfro oloownt in auch a diro^tiOB «• to prooooo it iMOir
ft^oi tte ooRtaot «tt tbo oaot. A aolfliUMi iUM boon roooted itan tl»
oilM of Umi coot tooordo tho gfro oleaoat Is coEaoily offaot X^ t!io
preceooiga of tha oloaant. amj ftnm t)>» oidM* OMor tlwao aiwiiitlf—
»
ite ooBtaeta rwnln opoa and tlw toftal oorroetlM aotor ia stoppod» tte
oorroi^ utmp*\i al ion tvt too probloa teviftf boon aoda and tka total go8«»
roctlOB drlvn laio tha differantial gonorator*
%km p«fUoiloatt«r nwmtnr unit* Ttd» wilt U p»»liiwii
iFolUfi «9pii»4 !• %l» pttMitt—iter •liinti i« Tariid tkn«ilh « twt-
«ork liiieli wfi^t alUtvto aad *irtpn<» fMi»f tmi toUifltle (clii«n7
ttei of fliuM). TiB «wi«ll A.e. TolUff* of 28 toIU ovollabli for
ttaft cqttlpwmt l« njoooa to K«$ iPVlto Mr o pioiHll ipb1u#b
«« yds ^iHtMi io twiimr wmiltUi hj %hm flo
fort It !• appliitf to tto ro«l*tanoo mwo of tto pt^ma^immUr rooolfor.
nw»>>« or tlw orro oXnont io oontivllod bj tto ouvMii ttPOi^ ito
orooilBK ooilo iHym^ia twn^io coctrellt4 Igr %to fiitHa of «to 0II*-
tac ottttMtt «B tot ptlMtl—ttr wmlmw rintotanoo amm»
Ito lfit#r»r»l«tion of tho r^rtan» itmm of tto OHpatotlMi
is onrfMit fvM too |MUt illtollto I to oMfwitotiHi to« AOtOAily
to tto 9m9»%9r mmtil tto ttool nnrmctii
tteso* in tinni»to «to oporoto wstil tlit tlglit vtation lo
ttookiiiff « tto tttfoi toftos.
Tto trifteol plan of InTootlfOtioB into tto fori
thie oor*n:ttnr lytoOM ooUod for <SoUilo4 ojiprtoMitol ato ttoowl lool
toolTtlo of tto lio4 ^Mit t|i iiuoto »» «4.th rofovd partiooUrly to
ttolr oonoltlTitgr totf fro'iwmcy roopflMo* Qnfortnaotoljry no olffttlnc
•tfttSoii eouxo to itoilMd to ttoi to tx ttf mm to tto prtooat 9M>et«
tooli ttao oM totod to an offort to lyKttoolao
out wwtoltog ttot of tto oi^ igrra olwinto, Ito ototoor typo
•f inpat oan rtadllj be davlami tvA th» nftfttiry f»«i!bMjk
(l«fl«» all •ffort« St iisiitetwU* Tbi« difficulty ftrlftc* bMMW of
U» awimr in vhioh all oorrvetUas MiMfi that dwi t« IrinMMitio
l»t4 &ni applU^ to ohumt tte MMitivltjr of t)i» ]to«d eliM8wl« ratter
thHk bKYiag all oQmctlfitts arrive IndaijuiiiantJiy «t • ai—tijn wii
fiar gMutrdtian of totAl correction. CBni>^i>ntly» a oaBi|mt«d kinMMtic
Xeac eorn>si)ondi.ig to a glWB jproblaK oaiintt. ba aglwwd ny»tlM>t.laaH3r
Sste tlM nwpi>ar for aumlxsl** sine* Urn aoatiivlirj af tha ImA ^tmanA
la a v«riabXa dapaadtJig «k all othar fsetora of tha problaik* Itaa final
oondQUilan of thla part of tte atudy la» ilMrofOfOy that in ai^ AurUMur
analjnd^ of thU fire control ayifUMy tiia ooM|Mfttor and adL(s|iti&g otatlaii
ftct bo traolod tiwulUnoowoly ratlaor tten oa Indopondant luiita*
fmth iKVaotlcatiatt into tha iMid ahaiinal as io peoolhla bo»
OMoo ISaltod ^ ttioosaity to a alspla atii4ar of ito rtofwaao ipooda
tlia total eorroetiflfi iioioro ara Moontlillr eottoiant apo ad* 1^ drouit
aaol0B tfaajr aro aot to operoto at a aXov opa ad durlag tl» first 1*^
•ooiBdo rotation in raaponao to a givra aiipial freai tlio oinlxi c|Voo« aaoA
tttm fliift to a higher opood if arror fioraiata lonfor ttea 1*5 oooands In
tiaai* Tba tia« dolagr droBlt ia ao conatraciod that tte U^ aoowd diOdy
llBo ia aadonnKl fraa aach inataixl of oantact cloisinc* JklM maant that
ohMi orrer ia eainll and eantooto ora oloaing mliartmtely rlgfat and loft
with A poriod 2ooa than 1«^ aoooadiy tho total oorroctlon motoro raaiain '
at ala* opood* Wt«ii (q»ood la araliable enly vhra U» orror clonal poi^
alata in tha aaaa dlrooiion for nore than tho dalajr time* tho oh&of
AMetioo of aloo apoad oparation io to ia^iwo tho wapnthlnf of pM(htei
MtBtiM Md r»dBW Urn cffvot mf w&n^l trMktef Urn
Tidm tjfm 9i tirmlX 4mt/lm maltm fna • fimwiatil U^itiN-
ii«o. yrroTBy ao Alter hoir lArct* «r» Miaitii at «low apaM for I,$
If if il» imnwitiit %te» r»9«lr«d is !ji tk* Tlclr.ltx of 1*5 4> to S.O
P9 tlio mt^mr miu akiri ie Idfh a^m* jMi m Um p'^Umi (wor«
MlutlMi* r»o«l%laf Is •for«lM«tliic n4 Iftok w wiooii——, vitr eroator
ittof tiat tl» pirtblM ooIiitiHi U abvayt apriroiofcoi at faifh
.« aaa tlwi )iauh aaaiaaioJ at lav apaai» alnaa itm
drciilt fnnetloBa aa aoan as tha eaBtaat paiaita aparata^
Overall apaad aaMitivity of tl» load alMaala are
la ails of total oanwetiaa par aooend* Bath al0» tmi fei|^
aanaitiTlty iiora <latoraiBod oacpariJBRiiallx ftr aaoli iknaal aai
dalajr tiaa i«a alsa aaaaawd, tlds <9ate ia praaaat^I in raM» tU
la rtca. iO and tl» o«-f«a aro ilrMa %• ahpv ufrtii mIiiUm
tiiM raquivad to 4ri^ a giiraa ta4al oorraoUaa m3bm to tha aalsja 4Xt^
fMwtial and tl«« to tte cans* Tteaa eurvva ara pa«tt«< an tl» aaaaur*
tita of BO amoralHot ia tlia pnMmm solatlsa md an taataattaa— HdA
of ipood at tlia aster apaa Um aiqpiratiaa of daUy tiao. WKlla
iissl* tha roaulta indleat* tte aelotlon tiaa ra<|ttirad byr tte
for asgr total oarraatisa wltlda ita limits.
Slaoa tfea oaapatsr mmj aaaaalnabSy te holdiac *
a pvsrisas proUaa, Uw total oorreotSaa astor aay htw U drii« frtm a
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XMd in M« AirvctiM (tami ilMntHfli amro tA a iMd la ibt •iter dir^otiaa*
TIN oarv«s «f ng»» to «id 21 etm, th^rafort^ dnMs to insliite « ««rf—in
WUl Qorr*eti9n dMlfS of twice 950 »il«« «hlah i« th* Il»li in «lth»r
direction ef thn t^iMKttb or «l«v«ti«n chaaatl.
T1» study of thi t«t«l eerrtetlM dMMUMdLt uSadsli ftr9 fiiunia—ii
t«llj lin<tMii«iwiiltiiir lAtfBBfiais iM^lfiod in tsusitlTity te ln«l\i^ all
fiii«-»eintr»l M»rr9cti(Mi«y isidicat«s ttat ^'^«<« co^' -^uN?r ^^clution tSxm iM
a variabla ctictr^ollad by the type of pmfelfli t« W aeXvttd. ?bis variabto
mlatlQDfthip is atwiHtially dlserntiantoiM aad waSt wp 9f ta» llnaair Nbiqi
tiOM of total oozT«ctixm versus tina as staoao la iiga. 20 And 21,
Onerally, solution tioc incfoaaos viih the aiiuit of laad roquirod tqr
ihs probloK.
Tfaa charaoteristloo of tha laad cflRB?:^laK sgrstao mtj ba \xrimf3ij
Ml follovrst
1) r^lutioR tiao iooraaaas with total a«rt«ctiOR raquirady
it falloor that ths tmpt^r taJe»a Icmjiost tlasa ta raaali a oot*»
r9-cx aolniion to a higli spaod pr^AHs*
2 ) rrvbloaa aro slooid anMlf In thalr aelation b»««aaa tha
total oarrootlan syatoa ajpataias at aloo apaod for tha first 1^$ emmmOB
of aolstiaR tibsa*
3) Tha 9V«rall action of tha ooafwtor diaorlainatoa agalaat
tha high opaod fmVltm ahsro laad and aolutisn tiaa are (;r6«to«t, but
vhsro tha Rraataat rapidity of aolotian is aaodad^ ainea firi&s tiaa in
thaao prahlaMO is at a atiilisii
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k) llw aumr In whloh kliwMitle iMd i3 lairvdMM to Urn
wnrmatw •iwrti ^p«%toii« H fn^Hmm mlmm a tii^Mte;




—rtiillj «id thnrvtieally to tha Uadt of imdX«bl« o^ulpwM* and
traatad io a aaparata cb^^tar* Xa ttals U«t olki|vWr all raaulta art
coordinatad to prMaoi a oa«|»UU pletart of caqputar parfowaace, final
eaiwlaaloM ara dram, aad raooMMadaUona nada for f^fftkar stociy.
ltMaji1tiiTit1nn of raaulta la aada la an orderly fora balowi
1) Tho auwa Iqput IMt oppraadjoataa a pvaparUoQal aanro-
m^otiK^mkf idth a natunl frequaney of 1*187 eyolaa par aaaaad aad a
daiylni xatio of 0.UU5* t^ audam Talua of tha raaaaaaea funcUoiiy
^q/^I* is ^'^O. (Rafaraoea, Figs* S$ 6, and 10*)
2) Brsrara in praaant range prodaoad by tha y^loeity of ranga
iiipat, i*att^ ranga rate, arc a laaxLmua of about hO jRuda at 700 ailee
par hoar and dacreaaa ^»praiiaataljr at a linear rate for lovfer raage
ratea* (RafaraDae^ llge* 7 and 10*
)
3) The ainUHai error exiatiz^ in the laaea ^mubmI aa deter*
Anad by the aii^lLner and folloe-^op aoUr e«Mltl-ffity i» a variablaf
avaragiag about 2*5 yarda at idniaiai raage end inereasine to 19*0 yarde
at andflMi lai^Bt* (-ieferanoe, ?ljsa* 7 end 10 for intanaidUte pointa*)
k) HM«e iflpttt eaeioeaaar 1* liaLtad chiefly by the aaxLaoa
peed of the foUoa-op aotor vhieh la each that rai^e ratae of 700 allaa
^«r 'noMT cannot be foUoeed belaa 1000 yarda preeant range* rurtharnore,
thla defeat tiiiooiwn pyaereaalTely aore aerioua alth decreasing range to
that at 500 yarda praaeat raaga tha aaxiaw range rate iqput ia only 378
Hllea per hour* (Heferenae, Table XV for eoii|)lete tabulation*)
nidtli • mtural nr«r4\iMi3r of 2*1 la U» aaUMU
etennsl and 1«69 la aUvaUea* ValMa of tJM iw^nl m. nUo wwa la U»
Mita af stad mglatattat piaaHaa^ 0»51 for artalh, 0»b7 far
fbm dlttmrmmm la aataral frin—^jr la 4aa w tlM AffaraM a«pl.i
aaas of laUta drlvM by tka two i^rai alMaaala* roaiMMilUlIy Ui^ ara
l<laatlaal. (Hafirmii Flea* 12, V3, Hi, and 150
6) rha gfaidy rtaia arrara la tha ailmlh aitf alavatlaa
rwaltiiiK firaa l«p«fe valaaiUM ia thaaa qwialltLaa ua ap^ra-
ri appaar la %hm laad yaUag tTatoiu Thit It lai^ily a ra-
sult of aHaf aal^ a §m ipMd ayaahia Aiiiliik wfBUm U %Im
Tha iwrai »ar^-aapliflwa clw »«twr roayo alaaa bath
Jlf-apaad ijatlHiiii aro aoad* Tha paalUaaal arrar Introdaaad into tha laatf
ayataa raaaUa la a vail anror la Uia luaiimiil laad* tU.a
aa flaallj raaalvad by tha gana la aLthln thalr dlapandan pattam*
(lafwaoM Tlfa. 1? aad 15.)
7} Tha Alutada aad Uiapaad Iiv«t Ohaaaal Is eantfoUod bj a
pMtailoM^ir anmiiliiiAM vary alallor to tha Haaga Ihdt* Ita rio|iwiit
•haraatarlstlea aro irmrj paar* laaa iar, aa tha yliliin that altlt«da
aad alrapaad ohHigas idll ba n^UglbU darl^ a Ailaff tm, its nipoan
U naallUtlM aod Ita valaalty ataadjrdtata arror are of Uttla Intaraat.
M niadaat (M.% aaa avallahla to eandaat axparlaaiiUl taata*
d) fha total aMTaatlaa ahaaBal opantaa aa aa vnaMl typ«
«f •mrtmmtmiUm, havlag aarlabla, Tmn'liaoar aaaalUvity, ae jotlgnad
aa U aoabiao klnawUa laad aavraaUaa iddali U dlraatly jtanwratod la
tMa ahaaMl, idth Iha athar eorraatloaa mt tho fLia iwHrtl piahloi
itad aaihdid mlXj alaaidiara la tha
36
9) iM|MM 9t %tm %9U1 oonrtoUw rtiintwl la rdUUvtly
•Xov* ProblM tolclioii i« fufftlMr mlmmd bgr lb* wi^in^ •/ wtthim
vMtf^ 0oiMi«llaK •f din^lQt ttMi rtiwul wnliifB «i ftbMd | i^Mrf aadi
for 4 iiiiHi dhUy tiJM b*AHm ritfifliag W tdg»i «pM«.
10) Sfllvttoa Um of th* 0j»i4« is •hl«flj « AmvUm of tte
WIftI oorroeUoa oImmmiI, ineroMlfli i* * smmmI liMiur fooklMi m ttio
»wU> of XoMi oorrootioa ro^^ulrodi la a ^ivmi probXoM Ihmpomim* Curros
of a«X«tlMi Uai 'vwmtt total MurotUea roqvirotf aro darMii. (Aafaraaao
HLfa* 20 aad ?!•) It wart b« naWAy Jw—
a
ai , tiMit aolaHaa tlaai la aot
a aiapla fiaeikloai •( tka pr<ML<Bt boiiie soXvmI aLaoa tlia aaapuUr la not
aalf aamtng b«t atarta tawurJa iha Mar aoXaUas firaa tha valaaa raaaiif'
lag aat lA fk«B tim praviooa prablaa*
11) Tfao aoaptttar vaAt, oaiBaldarad la Ita antlreljf dlaertirtnatat
•plaai tba IC^ valoeltjr pr^iiUm in bvth tha zmaft aad toUJ. corraatloa
»• Conaeqaaotly^ aalattan tla» axai arrara la aaluUon ara graatoai
rapid solution aad eaed menmntey «ra MNrt aaaiad *
12) Tha Qfvarall daaicn of tfea aanjialar aolt la taeh aa to pro-
adaqpaata taftTnHtnattaa of ajraldMrtia Tsrolalaaa far laiMvatoxr toato
XKiIaas uaad In corOu/Ktion M-tn Uie 'ii/htlae atotlon*
kUon ayatw of tlia Caotral StoUatt Ami gantwl
•mt tmuMi ffiMvally adto^toto la pvlaeipla aad atotla aaaalUidty* fha
aaak fMtioraa of tha dbalga ara tidafly eaaaad bjr paar dyaaale raipanaa
la tha aarwaalMiiiiMi efeaanala* ;;-??; "..^^ rncor;ti«^;K''.aUons for iciprovlng
thla raafiama avat
1) r^alalag of tha aaianil l^raqaaoojr of all aofivaaiiMlJMi




3) liiniMMnt in ih»«! Arliiqi
%te fMM and tctiO. vo






id.U Uo tiMj I I J
of tte fstrftl St«Uea flro
TIM foUoiCnc liMm of o^lMli
olntrMMnoUoo of tiM Wtal
W —0IMag of traaklac
no of o AiHlnc tUUon In oenj
Um oli^t iMoa at TOilooo froq oo %•
2) tho lood utmipi MMiUTitioi «n 1m MUi«1w< bj
roUtliV tho ol^rtl^ oUtloa at kaooa on^eiOnr volMltlflO and aMOocliic
toll ourroois roiiAfod %o «p«B tbi toUl




to Um sTOtflB onA ttbow iim




••» oTiMfHirt BtlM^cr «« t»«ilii •f
MM*" llMS«tiM««it« lMtit«b« of Toahn>1ogy« TMhmltgj
S«, amA Wan, lJhmt% C*»
DMLgR of 8«npo«MAMidm." Tte TnkaM«tloaa of tkt A.S.IUI.^
liiU 61, i». 5« J^ 1IM» Fact S03.
1m Cm&Lmt, «• %, "SrMMi SMto •£ «te >-t9 0«*i«I fir* CMitf«l
* 9aLrmn±%j of Wm HhIm* Jto« 15, 19k5.
5* I^n|Mr» ClMirlM S«« "DtteilsA flMorj and OiiiMtrtiiM for «te
A-1 il#* f«r «l» 0»1pil sf d«max« frtn AjhiA (Nm, Hifcal
£Lr«» «ad JcJdf Arwi Airvntft*'* iMtrwiiatiti— Uberaterj
I, lMMH>»i XMtl%i«« Of TwduMlocx*
16, M5<
f n* R*, mad LomLo, ]?• C«. *A Snu**^** f^ Dquro^lf
•f %1M »-9 tCCCl Cinplww* GolwfedA
%jr» fiinalMi •« «r toooMWh - ApplUd Math—tiw
•f %bo Fruort »-€f OifitMu* GoloribU ttaiwiltrt
Mr 5, !«•
l«t«R«C., |0T« 1S» l^Ui*
I3. «• 6* Amy T<Ml«i«il Ord«r 11*70^ -i« mm C«ittna St*tl«»a
?lr» Cnitrol Sjnrt.«R** ttjr aufchorlty of tlw Ceawntfiaf:



































































































































































































RePERENCC pot is USEID to eliminate ri)<ED VOLTAGES ONLY
VOLTAGE TO C RO fS THAT VARIATION ABOUT THE ZEROAXIS
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Schematic C<RCuit for Determination of Range Sensitivity
SE^LT Ranch: :
I SPCED AZIMUTH SVNCRO
ON SIGT=|TING STATION
TRANSFORMER
C T. SNCRO IfM
COMPUTOR -
AZ. FEEDBACK





Schematic Diagram Showing Operation of Svncro Atlimuth
SERV0ME.CHANI6M AND THE USE OF THE CaTHODE RaY OSCILLOSCOPE.
FOR Frequency Response Studies.
y\
FIG. 12
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